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ABSTRACT
This work deals with two separate aspects of the
chemistry of phenolic compounds. In the first section a
study is reported of aryl alkyl ether synthesis using as
a standard nucleophile catechol anion and as electrophilic
species a range of alkyl halides. The reactions involved
constituted good routes to a number of catechol mono- and
di-alkyl catechol ethers. The reaction were studied
systematically and key reactivity factors such as steric
effects and the influence of changing alkyl chain lengths
were evaluated. The high-boiling colorless products were
characterize by elemental analysis, H NMR and IR spectra.
As a guide to understanding the reactivity of the
alkyl halides employed, kinetic runs were performed under
essentially the synthetic condition, that is, with the
alkyl bromides as substrates in 95% aqueous ethanol con
taining a slight excess of sodium hydroxide. Under these
conditions, n-propyl bromide proved the most reactive,
being about 30% more so than the C., Cg( Cg and Cg un-
branched bromides (all of which reacted equally rapidly).
The three branched chain halides namely, isopropyl, iso-
butyl and isopentyl bromides were all substantially less
active than the unbranched (clearly for steric reasons).
The second section deals with phenolic electrophilic
attack also but this time the electrophile attacks the
phenolic ring rather than the oxyanion side chain. The
work reported deals with the synthesis of a new UV-blocking
monomer for use in polymer networks. The essential reaction
involved amidomethylation (i.e. attack by an RCONHCH^
species, using N-hydro.xyinethylacrylamide in concentrated
sulfuric acid as the electrophile) of a p-cresol ring to
which is also attached at an ortho-position a benzotriazole
ring. The reaction worked well. The product was cleaved
with concentrated hydrochloric acid to yield the parent
amine. Auxiliary runs were made (using the same electro
phile) with p-cresol without any triazole substituent.
SECTION I. CATECHOL ETHERS SYNTHESIS
INTRODUCTION
This work began as a targetted synthesis of a series
of both mono- and dialkyl catechol ethers. They will be
used as biochemical substrates in enzymatic dealkylation
reaction? . The focus shifted as the work progressed and
became ultimately an examination of the structure-activity
trends displayed in the synthesis reactions. This led in
turn to kinetic examination of some of the key processes
involved. Before describing the synthetic and kinetic ex
periments, it is appropriate at this point to briefly re
view some of the basic physical-organic concepts in this
area so that subsequently the present work may be viewed
in that perspective.
The synthetic thrust of the present study is focussed
on the preparation of aryl alkyl ethers using the Williamson
reaction (Figure 1). In modern terminology such a reaction
is a classic example of an S 2 process with an oxyanion as
nucleophile. The specific type of reaction being examined
is outlined in Figure 2.
ArO + RBr - ArOR + Br
Figure 1
+ RBr
Figure 2
+ Br
Several early studies have been reported on this
reaction. In 1926, for example, Goldsworthy (9) reported
on the kinetics of reaction of ethyl iodide with various
substituted phenols (as sodium salts) in ethanoiic solution
(at 42.5). From these data Jaffe (13) calculated a Hammett
p of -0.99 for the effect of the meta- and para substituents
upon the rate of reaction. (The substituents used included
m- and p-methyl , m- and p-chloro. Data not used by Jaffe
involved the o-chloro, o-methyl and 2,4-dichloro substi
tuents . ) In effect the Hammett p value indicates that
electron releasing groups in the phenoxide ion favor the
overall nucleophilic process.
Subsequently (1950), Green and Kenyon (10) examined
the reaction of a wider range of substituted phenols in
aqueous alkaline solution at 100, with sodium methyl
sulfate. They demonstrated that the process involved was
bimolecular and involved a negative p (recalculated by
Jaffe as -0.813). The reaction of phenols (via their oxy-
anions) with alkylating substrates under basic conditions
involves two steps (Figure 3). Under the kinetic condition
used therefore either sufficient base must be present to
convert all of phenols into the corresponding phenoxide
ions or corrections must be made for the varying preequi-
librium step (i) (Figure 3). Reaction (i) and (ii) in
Figure 3 will have different p values both in magnitude
and sign, and so confining the process to be discussed
(and the Hammett p values thereof) to reaction (ii) is a
key point. It is thus that the Hammett p's of ca. -1 are
interpretated.
The nature of the electrophile is clearly of importance
in the phenoxide ion alkylations in a variety of ways. First,
if the alkyl structure is kept constant, what is the effect,
if any, of leaving group variation? Lewis and Vanderpool
have recently reported on this point (16). They found that
the relative reactivities of substituted phenoxide ions
towards a range of methylating agents (as determined com
petitively from the yields of substituted anisoles , as
well as by direct rate measurements) show the following
selectivity increase as X varies in CH..X (Table 1).
i) p-X-C-H.OH + OH p-X-C,H.O'6 4
ii) p-X-CAH.O + RBr'6 4
6 4
- p-X-C-.H.OR + Br
6 4
Figure 3
Table 1. Comparative Reactivity of Methylating Agents
(CH3X) with phenoxide and p-nitrophenoxide anions (16).
CH-X Relative reactivity
(CH3)30+
2.8
CH-OS02CF3 3.5
CH3OS03CH3 5.0
CH-OTS 9.6
CH-I 28.0
These data were obtained in sulfolane solution at a
total sodium ion concentration of about 0.3 M. There was
clear evidence for ion-pairing effects under these condi-
tions - occurring when potassium salts were used instead
of sodium salts, and by addition of crown ethers - but the
differences between methyl trifluoromethane sulfonate and
methyl iodide remained substantial.
In these SN2 reactions, as Lewis puts in, "there is
little question that there is ... a single rate determin
ing step with a negatively charged transition state con
taining Y (the nucleophile) , R and X in a linear array.
By limiting the structure (of the alkyl moiety) to methyl,
the S 2 mechanism is assured and steric interactions are
made nearly constant. Thus substitution of methyl or
"methyl transfer" is a close analogue to the proton trans
fer reaction..".
While the ion-pairing complications made the absolute
value of the numbers in Table 1 open to some doubt, it was
clear that the variations encountered were entirely com
patible with the selectivity-reactivity relationship, that
is. the more reactive species were less selective in choos
ing phenoxide ion versus p-nitrophenoxide ion as reaction
partners. These authors estimated a p for aryl -oxide
methylation (using CH_OTf as methylating agent) of -1.0
and a p of < -1.4 using methyl iodide data. They determined
some bimolecular rate constants (using 4 phenols) for CH_I
and CH-OTs in basic solution and obtained p values, respec
tively of -1.1 and -0.93. In a subsequent paper using UV
techniques, these authors obtained much better rate data
(17). The more precise leaving group effects are displayed
in Table 2.
Incidentally, the phenoxide Hammett p values are very
much dependent on the electrophilic partner involved and
the values of ca. -1.0 discussed so far are relevant to
using alkyl halides as electrophiles. Towards proton, a p
value of -2.223 has been observed (3) and where aryl ha
lides are involved even larger values have been reported,
pF = -2.66, pcl = -3.19 (1).
Two other major features of the electrophile remain
to be addressed. The first of these refers to steric ef
fects. It is very clear that in such S 2 processes branch
ing, particularly at the <<-carbon atom, strongly (negative
ly) affects the rate. The relative reactivities of alkyl
chlorides towards potassium iodide in acetone (at 50)
display the trends nicely (Table 3). A second effect in
volves competing processes such as elimination and here
again structural effects can play important roles (Table 4).
Table 2. Methylation (using CH_X) of p-nitrophenoxide
ion in sulfolane at
42
C.
X in CH_X k2,
M^.s-1
OSO3CF3 3100
03SF 1100
O3S0CH_ 0.85
I 0.105
OTS (p) 0.0196
8
Table 3. Relative Reactivities of Alkyl Chlorides
towards Potassium Iodide in Acetone at
50
(11).
R in RC1 Relative k
CH3 200
CH3CH 2.5
CH3CH2CH2 1.1
CH3CH2CH2CH2 1.0
(CH3)2CH 0.02
CH3CH2CHCH 0.02
Table 4. Percent Substitution and Elimination in the
reaction: RCH-CH-Br + C H-0
(22).
RCH2CH20CH2CH3 + RCH=CH2
R in RBr % Ether (S 2)
JSi
% Elimination
CH3CH2 99 1
CH3CH2CH2 91 9
CH3(CH2)3 90 10
(CH3)2CHCH2 40 60
(CH3)2CH 20 80
DISCUSSION AND RESULTS
1. Synthetic experiments
In the synthetic runs performed during the course of
this work, catechol was reacted with an appropriate alkyl
bromide in 95% ethanolic solution in the presence of va
rious ratios of sodium hydroxide with a seven-hour reflux
period. The corresponding mono- and di-alkyl catechol
ethers were obtained on work-up of the reaction mixture in
a standard manner.
The reaction involved first the sequence outlined in
Figure 4. In this sequence, the catechol monoanion was
formed first (a). Catechol is a weak acid (pKa = 9.40) and
under the experimental condition ( [catechol] : [NaOH] = 1:1)
the catechol is largely presented as the monoanion. This
nucleophilic phenoxide ion then participates in the sub
stitution reaction (b, the Williamson synthesis). After
the catechol monoether has been formed, it in turn under
goes ionization to form the corresponding monoanion (c).
Earlier data have shown (5) that o-alkoxy groups decrease
phenol acidity only a little and so the monoanion forms
readily. This then is alkylated (d) to complete the se
quence .
In addition to the competition in Figure 4, there are
also several on-going processes. First, a portion of the
catechol is oxidized by air during the reaction (and is
thus not available for designed synthetic sequence in
Figure 1) . The extent to which this occurs may be evaluated
by determining the catechol conversion to products and
subtracting these combined yields from the starting quan
tity of the diol. A second competition is outlined in
Figure 5. These involve alcohol formation (i), attack by
ethoxide ion (ii), attack by aryl oxide anion (iii) and/or
elimination to yield alkene (iv).
10
(a)
OH
OH
+ OH
OH
+ H20
(b) + RBr
OH
OR
OH
+ Br
(c)
OR
OH
+ OH
OR
+ H20
(d)
OR
+ RBr ex Br
Figure 4
(i) RCH2Br + OH * RCH2OH + Br
(ii) RCH2Br + C2H50 - RCH2OC2H5 + Br
(iii) RCH2Br + ArO - RCH2OAr + Br
(iv) -CH-CH- + B
Br
-
-C=CH- + Br + HB
Figure 5
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The experiments performed showed that the product
yields when analyzed displayed sensitivity to structural
effects as if the reactions involved were non-competitive
ones. Table 5 summarized all of the data which is now to
be examined. Table 6 and 7 summarized the microanalysis
obtained with the materials prepared.
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Table 6 . Elemental Analysis for the Mono- alkyl
Catechol Ethers.*
R
in C6H^OH(OR)-o
Percentage
Found Theory Difference
C H C H C H
-CH2CH2CK3 (5) 71.30 8.00 71.03 7.95 0.27 0.05
-CH(CH3)2 (5) 70.86 7.85 71.03 7.95 0.17 0.10
-CH2(CH2)2CH3 71.98 8.20 72.26 8.49 0.28 0.29
-CH2CH(CH3)2 71.97 8.48 72.26 8.49 0.29 0.01
-CH2(CH2)3CH3 (5) 73.16 9.24 73.30 8.95 0.14 0.29
-CH2CH2CH(CH3)2 73.48 8.67 73.30 8.95 0.18 0.28
-CH2(CH2)4CH3 73.88 9.05 74.19 9.34 0.31 0.29
-CH2(CH2)6CH3 75.63 9.97 75.74 9.50 0.11 JO.47
?Elemental Analysis was performed by Baron Consulting Co.,
Orange, Connecticut .
14
Table 7 . Elemental Analysis for the Di-alkyl
Catechol Ethers.*
R
in CcH.OR(OR)-o
D 4
Percentage
Found Theory Difference
C H C H C H
-CH2CH2CH3 (5) 73.81 9.05 74.19 9.34
0.38 0.29
-CH(CH3)2 (5) 74.76 9.21 74.19 9.34
0.57 0.13
-CH2(CH2)2CH3 (5) 75.83 9.75 75.63 9.97
0.20 0.22
-CH2CH(CH3)2 75.35 9.68 75.63
9.97 0.28 0.29
-CH2(CH2)3CH3 (5) 77.54 11.23 76.75
10.47 0.79 0.76
-^CH2CH2CH(CH3)2 75.46 10.40
76.75 10.47 0.29 0.07
-CH2(CH2)4CH3
77.43 10.60 77.65 10.86 0.22 0.07
-CH2(CH2)6CH3
. .
78.33 11.88 78.99 11.45 0.66 0.43
?Elemental Analysis was performed by Baron Consulting Co,
Orange, Connecticut .
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The first set of experiments to be discussed involve
the reactions of five alkyl bromides: n-propyl, i-propyl,
n-butyl, i-butyl and n-pentyl bromides with catechol in
ethanolic sodium hydroxide in the following ratio:
[catechol] : [NaOH] : [RBr] = 1:1:2.
Table 8 displays the yield data from the n-propyl
and i-propyl bromide runs. Changing from n-propyl to
i-propyl bromides in these runs did not affect the overall
yield (M+D), or, in other words the success of the sequence
outlined in Figure 4 versus the reactions outlined in
Figure 5. However, the yield of disubstitution product
dropped substantially (from 13.7% to 8%). This reflects
the increased steric effect when the appropriate catechol
monoether is further alkylated. This steric effect may be
seen from the sequence in Figure 6. The branching does not
appear to adversely affect the first step (monoether for
mation) in as much as the i-propyl monoether is formed to
a greater extent (43% vs 39%) than the n-propyl monoether.
Table 8. n-Propyl and i-Propyl Bromides Runs.
[catechol] : [NaOH] : [RBr] = 1:1:2
R Yield of monoether
(M, %)
Yield of diether
(D, %)
M/D M+D,
%
n-C3H?
i-C3H?
38.6
42.8
13.7
8.0
2.8
5.35
52
51
16
[fl + n-C3H7Br --
^Y0ch2ch2ch3 ^^OCH2CH2CH3
X/^oh kj^o- kSSb/^OCH2CH2CH3
+ i-C,H7Br
/!S!#^V.0-CH'CH3
nr0"^I N Vh' ' ^>o- ^
X^0-CH'CH3
^CH3
Figure 6
The data in Table 9 complete the sequence and show
how the removal of branching by one additional carbon
lowers the steric influence as shown in Figure 7. The
mono- to diether ratio (M/D) does increase somewhat (from
4.4 to 4.6) but much less than in the propyl system (M/D
changes from 2.8 to 5.4). There is a drop in overall yield
in changing to the i-butyl and n-pentyl halides compared
to the n-butyl - undoubtedly for reasons contained with
the competition depicted in Figure 5.
Table 9. n-Butyl, i-Butyl and n-Pentyl Bromides Runs
Catechol] : [NaOH] : [RBr] = 1:1:2
R M, % D, % M/D M+D, %
n-C4H9 44.6 10.1 4.4 55
i-C4H9 33.5 7.3 4.6 41
n-C5Hll 31.5 9.8 3.2 41
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1^VOCH2CH2CH2C,I3
f^-
srOCH2CH2CH2CH3UL- + CH3CH2CH2CH2Br ?
vs
L^och2ch2"c5h2ch3
ry0CH^O2 + ( CH3 ) 2CHCH2Br X
_ocH,-arCH3
|[ CH3K^Xo-
Figure 7
OCH,-CH'CH3
"CH,
A change was made to increase the yields of the di
ethers for handling convenience by changing the ratio of
base in the reaction. Accordingly runs were then performed
using all eight alkyl bromides studied, namely n-propyl,
i-propyl, n-butyl, i-butyl, n-pentyl, i-pentyl, n-hexyl
and n-octyl bromides with the new reactant ratio. It is
interesting to examine what trends the product data from
these runs reveal. First, in the five runs where compari
sons were made, changing the reactant ratios from (catechol]
[NaOH] : [RBR.J of 1:1:2 to 1:2:2 did not affect the overall
yields (M+D). However, such a change affected the product
distribution (M/D) . This suggests that changing the ratio
of base employed impinged more on the reaction sequenced
in Figure 4 rather than those in Figure 5.
Table 10 may be directly compared with Table 8 except
that the data in Table 10 involve experiments performed
with the enhance base ratio. Here again one can see that
it becomes more difficult to achieve diether synthesis
subsequent to monoether formation by using i-propyl
bromide as alkylating agent.
18
Table 10. n-Propyl and i-Propyl Bromides Runs,
Catechol] : [NaOH] : [RBr] = 1:2:2
R M, % D, % M/D M+D, %
n-C3H?
i-C3H?
15.3
20.7
36.2
26.7
0.42
0.78
51.2
47.4
In both sets of the experiments, the change in M/D
ratio with ^-branching in the alkyl halide used is almost
identical. The first runs (Table 8) involve a change of
the magnitude of 1.91 (from 2.8 to 5.35) and in the second
runs, M/D changed from 0.42 to 0.78, i.e., by a factor of
1.85. Unlike the earlier product runs described in Table 8,
the data in Table 10 show that there was a slight drop in
overall yield (from 51.2 to 47.4) using this most sterical-
ly sensitive halide (i.e. i-C3H._Br) of those examined in
this work. To some extent, the data being examined here
are actual isolated yields of compounds with all the work
up variables that involves, thus attempting to make a
meaningful distinction between 51.2 and 47.4% may be sta
tistically invalid.
Table 11 may be directly compared to Table 9 except
that the data in this table again reflect a change reactant
ratio being used. There is also an opportunity in Table 8
1
Throughout this discussion, branching is categorized
as follows :
<>< -branching meaning structural changes like C-C-C to
c-9
C f> -branching meaning structural changes like C-C-C-C
to C-C-C
C
I -branching meaning changes like C-C-C-C-C to C-C-C-C
19
to examine the effect of IS -branching in the alkyl bromide
moiety.
Table 11. n-Butyl, i-Butyl, n-Pentyl and i-Pentyl
Bromides Runs, [catechol] : [NaOH] : [RBr] = 1:2:2
R M, % D, % M/D M+D, %
n-C4H9 12.5 42.0 0.30 54.5
i-C4H9 18.3 19.7 0.93 38.0
n"C5Hll 9.4 32.2 0.29 41.6
i-c5Hll 8.2 25.8 0.32 34.0
Comparing the n-butyl data and the i-butyl data
allows one to examine the effect of p -branching on the
reactions concerned. With a reactant ratio of [catechol] :
[NaOH] : [RBr] = 1:1:2 (Table 9), there was very little
steric influence seen. The M/D ratio changed by only 5%.
On changing this reactant ratio, the overall yield of
products remain the same:
M+D (for n-butyl. Table 9) =55
M+D (for n-butyl, Table 11) = 54.5, and
M+D (for i-butyl. Table 9) =41
M+D (for i-butyl, Table 11) =38
However, there was a sharp shift in the M/D ratios
obtained when the reactant ratio was changed. The M/D
changed from 4.4 to 4.6 (Table 9) to in the new runs from
0.30 to 0.93 (Table 11), i.e. by a factor of 3. Under the
changed conditions, there still appears to be appreciable
steric hindrance even with the branching at the f -position
to diether formation.
20
With 8 -branching i.e. comparing n-pentyl and
i-pentyl, this steric effect is decreased, the M/D ratios
change from 0.29 to 0.32 i.e. by only 10%.
To display the overall pattern, Table 12 was con
structed. One of the most striking thing about those data
in Table 12 is that despite the substantial M/D changed
with each pair of bromides as the reactant ratios are
varied, the overall yields remained constant.
Table 12. Overall variations in M, D, M/D and M+D with changed reactant
ratios.
R [catechol] : [NaOH] : [RBr] M,% D,% M/D M/Dchanges M+D,%
n-C3H?
n-C3H7
1 : 1 : 2
1 : 2 : 2
38.6
15.3
13.7
36.2
2.8
0.42
decrease
by 1/7
52
51
i-C3H7
i-C3H7
1 : 1 : 2
1 : 2 : 2
42.8
20.7
8.0
26.7
5.35
0.7B
decrease
by 1/7
51
47
n~C4H9
1 : 1 : 2
1 : 2 : 2
44.6
12.5
10.1
42.0
4.4
0.3
decrease
by 1/14
55
55
i-C4H9
i"C4H9
1 : 1 : 2
1 : 2 : 2
33.5
18.3
7.3
19.7
4.6
0.93
decrease
by 1/5
41
38
n-C5Hll
n-C5Hll
1 : 1 : 2
1 : 2 : 2
31.5
9.4
9.8
32.2
3.2
0.29
decrease
by 1/11
41
42
21
Chain-length effects:
The analysis upto now has been focused on steric
effects seen in the data. It is time to examine "^the effect
of the chain length of the alkyl bromides used on the M/D
ratios from where monoether is the main product i.e. M/D
>1 (reactant ratio of 1:1:2) to where diether predominates
(M/D<1, reactant ratio of 1:2:2). The data in Table 13
and 14 address those points.
Table 13. Chain length effects within the series
M/D > 1 .
a) R = unbranched:
R = n-c3H7 n-C4H9 n_C5Hll
M/D = 2.8 4.4 3.2
b) R = branched:
R = i-C3H? i-C4H9
M/D = 5.35 4.6
Table 14. Chain length effects within the series
M/D < 1 .
a) R = unbranched:
R = n-C3
M/D = 0.42 0.30 0.29 0.23 0.13
H? n-C4Hg n-C-H^ n-C^ n-CgH^
b) R = branched:
R = i-
M/D = 0.78 0.93
i-C3H? i"C4H9
22
The only trend that reveals itself (on the basis of
reasonably adequate data, n = 5) is that as the alkyl chain
length is increased, under conditions where diether forma
tion predominates (M/D<1), the ratio of diether formed
compared to monoether also steadily increases. This is
clearly shown using the data in Table 15.
Thus as the unbranched chain length increases
C3~-*C4~"Cs~>C
6
*C8' the absolute yield of monoether drops
15.312.5-*9.47.85.2 and even the relative yield of
monoether drops: 29.722. 9-*22.6*18.4*11. 2.
Even with the smaller numbers in the branched series
(C3/C4/C5, this time also with M/D<1), the same effect is
seen, with as c^^C^fC^, absolute yields of monoether are
20.7>18.38.2.
Table 15. Chain length effects upon actual yields
of products (M/D<1)
a) R = unbranched
R = n-C3H? n-C4H9 n-C5Hll n-C6H13 n-C8H17
M = 15.3 12.5 9.4 7.8 5.2
D = 36.2 42.0 32.2 24.6 41.2
Total = 51.5 54.5 41.6 42.4 46.4
% M = 29.7 22.9 22.6 18.4 11.2
% D = 70.3 77.1 77.4 81.6 88.8
b) R = branched
R = i-C3H7 i-C4H9 i-c5Hll
M = 20.7 18.3 8.2
D = 26.7 19.7 25.8
Total = 47.4 38.0 34.0
% M = 43.7 48.2 24.1
% D = 56.3 51.8 75.9
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Table 16. Chain length effects upon actual yields
of products (M/D>1)
a) R = unbranched
R =
M =
n-C3H
38.6
n-C4H9
44.6
n"C5Hll
31.5
D = 13.7 10.1 9.8
Total = 52.3 54.7 41.3
% M = 73.8 81.6 76.3
% D = 26.2 18.4 23.7
b) R = branched
R =
M =
i-C3H?
42.8 44.6
D = 8.0 10.1
Total = 50.8 54.7
% M = 84.2 81.6
% D = 15.8 18.4
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SUMMARY
This work set out to achieve viable routes for the
preparation of a series of mono- and di-substituted
catechol ethers. This goal has been achieved. The alkyl
bromides used in the synthesis differed in steric proper
ties, and in chain lengths, with little overall differences
in electronic properties. These aspects showed up in the
systematic studies. There were clear steric effects seen
in the diether step, those steric effects diminishing as
expected in the sequence; * -branching > p -branching >
I -branching. There was also a chain length effect - the
yields of monoether (compare to diether) dropping steadily
as the number of carbons in the alkyl bromide increased.
The mono- and diethers will ultimately be used as
biochemical substrates in enzymatic dealkylation studies
and it is therein that another property of these materials
which was not evaluated in the present study will become
important, namely the lipophilicities of the mono- and
diethers. Undoubtedly, this property will vary extensively
over the series, increasing steadily as the chain length
of the alkyl group concerned also increases.
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2. Some properties of the catechol ethers
These compounds, both mono- and diethers were high-
boiling colorless liquids with a characteristic -^(of a
class) not-unpleasant odor which tended to be pervasive
as far as the laboratory (and corridor) atmosphere was
concerned. Occasionally on standing, one would crystallize
(e.g. the mono-isobutyl catechol ether did) and also occa
sionally random samples would become very lightly colored.
Yellow or pink or even purple were amongst the tints deve
loped. These coloration did not affect the purity (as mea
sure by G.C.) and their development depended on the expo
sure of the materials to light and air. In any event even
where coloration developed it was a slow (over weeks and
months) event.
As would be expected from such a closely related
family of compounds, colligative properties (such as re
tention time in gas chromatography, Table 17 and 18 summa
rized gas chromatographic data for the mono- and dialkyl
catechol ethers.) showed appropriate trends with increased
molecular weight. It is clear from these data that branched
isomers have lower retention times than the corresponding
unbranched (straight chain) compounds and that diethers
have higher retention times than the corresponding mono-
ethers. Such trends are well known in organic chemistry
and are seen e.g. in the boiling points of the correspond
ing alcohols (17).
With regard to more subtle effects where electronic
variable may play a part, even though the range of such
electronic parameters must undoubtedly be small, there is
a small variation in pKa with the nature of the ortho-
alkoxy function (Table 19). Because of the limited amount
of data available, these variation could equally be well
dismissed as negligible with the mean pKa = 10.43 + 0.22.
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Table 17. Gas Chromatographic Data for the Mono-alkyl
*
catechol ethers.
R
in C6H4OH(OR)-o
Inj.& .Det.
Temp.^C)
Column
Temp.(9C)
Sample
SizeiJ(l)
Retention
Time (min)
-CH2CH2CH3 215 165 0.4 4.00
-CH(CH3)2 200 155 0.3 3.80
-CH2<CH2)2CH3 225 175 0.4 4.70
-CH2CH(CH3)2 225 175 0.3 3.73
-CH2(CH2)3CH3 225 185 0.5 5.38
-CH2CH2CH(CH3)2 225 185 0.4 4.57
-CH2(CH2)4CH3 225 195 0.5 6.03
-CH2(CH2)6CH3 250 225 0.4 4.93
The instrument used was a Sigma 3B Perkin-Elmer gas
chromatograph, attenuation = 256, flow rate = 30 ml/min;
chart rate = 1 cm/min and the column used was OV 101
(length 12', methyl silicone).
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Table 18 . Gas Chromatographic Data for the Di-alkyl
*
catechol ethers.
R
in C\.H.OR(OR)-o
O 4*
Inj.& Det.
Temp.(C)
Column
Temp. (C)
Sample
Size^l)
Retention
Time (min)
-CH2CH2CH3 225 175 0.5 5.75
-CH(CH3)2 215 165 0.3 4.25
-CH2(CH2)2CH3 225 195 0.5 6.63
-CH2CH(CH3)2 225 195 0.5 5.03
-CH2(CH2)3CH3 250 225 0.5 5.68
225 195 0.3 8.27
250 225 0.3 9.85
250 225 1.0 30.00
The instrument used was a Sigma 3B Perkin-Elmer gas
chromatograph. The column used was OV 101 (length 12' ,
methyl silicone) , attenuation = 256 or otherwise indicated,
flow rate = 30 ml/min and chart rate = 1 cm/min or other
wise indicated.
**
***
Attenuation = 128.
Attenuation = 64 and chart rate = 5 cm/min.
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Table 19. pKa data for Monocatechol Ethers:
C6H40H(0R)-o (5).
R = H i-C3H? n-C3H7 n-C4H9 n-C5Hll
pKa = 9.34 10.13 10.30 10.63 10.67
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3 . Spectroscopic data
All spectroscopic data in this present work were used
for corroborative purposes only, that is, to characterize
a particular product and hopefully confirm its structure.
No effort was made to look at concentration effects in
spectral run, or variation in solvents used.
H NMR spectra
1
The H NMR spectra of the mono and dialkyl catechol
ethers are recorded in Figure 8-23. The assignments of the
proton absorptions are shown in each Figure displayed. All
spectra were obtained on a 60MHz R600 Hitachi Perkin-Elmer
NMR instrument using CDCl, as solvent and TMS as reference.
30


c
Z
P^
c -
- c c
a 10 o
5?
C - -1
C "J 4U
LJ > >
4- 4_ tU
Z -I
I
'
I-
S
.
c. :
_
4j
< g
ffiPlA
5 o
LU LU
. 2 LO
^ IT,
cr 0.
""
UJ UJ o
4"
L4J C
= s r>
1- IT, _
a X _J Z
4" > <
C I- o
^ Z LO
C L- 10
~
Z _J _l . h]
< 3 3 C =!
x c: a. L. z u.
3
1+ y- jT< 1'
<: _ _


sif
L. >
c - <
r - 4t
- o lj > >
_:
U-'
x
' U.
- 4. X -J
,1
i
1 TV|*X
t-
Ld Ld
SX J z
1- >
. . 5 oi O 1- L> . . -r.
5 * P r z lo I i " a
Ld
5
- bJ LlJ C
I- Lvl O
U-
U Ld LU r
L' LO
Z _I _J
cure.
a:
Ld
1-
_J
'
-4 r
4^^ ^^ c l; lj cr
1 c C x l_ r;
w l, ir. i- cr i. d z
L4.
Li- 1 i !/._< - _
C C -
1 !
1 !
1I
JOf
1
1 j
^4 1
-N
V>
-x*
1 1
if -J
, CO
Ul
(J
Z I-
L4d Z
a; lu
ui > u
u. _i z
Ul o o
koto
ui
a
u
_j u
a a
-.
^ ^
.: f
-8
a -i _j
U u u2 > >
|- Ul Ul
z
It
Ul o
V)
-I
Ul
in
Ul u
X </>
^ in
t 0. ^
Ul UJ o
y- ui o
_l m
c So
Ol-L) " V
* 5 "> i x >
" "
v- a J is-ui ui ui o 1 ^ ui " H*
< => z> o I loot- uiiz
(J
Ld
_
r i

c
z
LdS-^) LL.' > >
5
U.' > '_' 44
U. Z 2
Ld C C 5 <
or lo i_> i_
^ , i
_ * r. ?>
_. . .'
' 1 "
1- 4
a O s X _i r
Ul UJ 1- >
2 LO a i- i)
S 1- OID S
z i/i
C
"
LU LU
Q.
Ld O
LU UJ Ul
u
c
Ld
s - -J
Ld O
Xj z
<
-1 -J
X) 6
L', Ll LO 1- cc CL a. z
_ _ _ =-
CC 0 Z U
U
i +
Ij
C u K
O *- ui
_| < u-
o c

S A
uj > v.' a c z -i -J =
U _l Z .5 L'. - . < 5
LUCCSC XIOLO
a i/i l.' c J c
.|.__i-
^
"1
o
oo
*
rH
o f4. VO
xl (Jl oo
H ro 10O
o A u v
VO
^ -1
I -
I .'.
-. I
....J
i |
43
-c-|
c 4 u
c
I
~3
.
1
1
1
i
or
c c
c-. u
X
C
-

TT
cc
i- ;
<-> :
CL >
vVu
sP' *
is
IS
CO
! I
Ul ' '
o
z I-
Ul z
HC Ul
Ul > u
U _l z
Ul o o
a vi u
ui ? -J
o 5 <
ui
to o
Ul
CO
JJ
* < x x is /> u. <n D y-tc a. . x u. J -I tn " <
<-> U g u o
o
Ul Ul
3E co
o
O I- cj
! !
i or
O co
I- *
<'ce
n: <
ui.z
-
Q.' Ld
Q 0|K
1b
z
z
3
U cl v
1-
o
UJ
Q.
CO
_i
0.
VA JJ
xS
UJ
IT q; _l
t- C3 Ul
u 2 >
if "- z
17)
Ul
>
"Z
"|g
0. i c
"Xs
u
UJ
in
D
1 u
I Ul
: </>
u
-Ul
CO
'i
Ul Ul
k a. n. z u. J I n j < q. ui
h-TT
a) Phenolic proton chemical shift of the monoalkyl
catechol ethers.
Table 20 summarized the phenolic proton chemical
shift of the monoalkyl catechol ethers. The data therein
concluded that the shift is essentially insensitive to va
riation in the structure of the alkoxy group at the ortho
position. Using all data points (n = 8), one can derive an
average & = 5.80(+0.07). This absorption is shifted down-
field compared to the phenolic proton absorption ( 6 5.22(5))
itself. Interestingly enough, this average value remains
the same whether one separates out the straight chain ethers
(n = 5) , 6 = 5. 82 (+0.09) and the branched chain ethers
(n = 3) . 6 = 5.82(+0.03) .
Table 20. Phenolic Proton Chemical Shift in Monoalkyl
catechol Ethers.
R in ArOH(OR)-o Chemical Shift, 6 (ppm)
-CH2CH2CH3 5.95
-CH2(CH2)2CH3 5.87
-CH2(CH2)3CH3 5.80
-CH2(CH2)4CH3
5.77
-CH2(CH2)6CH3
5.72
-CH(CH3)2
5.84
-CH2CH(CH3)2
5.83
-CH2CH2CH(CH3)2
5.75
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b) Ring protons chemical shift
Table 21 summarized the ring protons chemical shifts
of mono- and dialkyl catechol ethers. The ring proton ab
sorption in a monoalkyl catechol ether is a downfield multi
plet as a result of four non-chemical shift equivalent
protons in the ring (a). A dialkyl catechol ether contained
four not exactly chemical shift equivalent ring protons (b)
shows a single absorption downfield because of the benzene
ring current effect. The position of the shift is essential
ly the same for both the monoalkyl catechol ethers (6 6.87
(+0.03)) and the dialkyl catechol ethers ( 6 6.89 (+0.04) ) .
The shift is slightly downfield compared with the ring
protons absorption of catechol ( 6 6.79(5)).
Table 21. Ring Protons Chemical Shift of the Mono-
and Dialkyl Catechol Ethers .
R Chemical Shift(tf)
in ArOH(OR)-o
Chemical Shift(^)
in ArOR(OR)-o
-CH2CH2CH3 6.85 6.92
-CH2(CH2)2CH3 6.83 6.92
-CH2(CH2)3CH3 6.85 6.84
-CH2(CH2)4CH3 6.84 6.86
-CH2(CH2)6CH3
6.88 6.86
-CH(CH3)3
6.93 6.95
-CH2CH(CH3)2
6.88 6.91
-CH2CH2CH(CH3)2
6.88 6.90
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OH OR
H^V^^N-OR H,^^X--OR
HB' "b-
(a) (b)
c) Protons in the alkoxy side chains
The proton absorptions of the alkoxy side chains
of both mono and dialkyl catechol ethers displayed inter-
pretable signals up to C.compounds in the branched series
and C-compounds in the straight chain series. The rest
tended to give unresolved peaks. The only interpretable
signals were those of the methylene group adjacent to the
oxygen in the alkoxy side chain which was moved downfield
and the terminal methyl group which was upfield.
IR Spectra
The IR spectra of the mono- and dialkyl catechol
ethers are recorded in Figure 24-39. They were all obtained
on a 727B Perkin-Elmer IR Spectrometer. All samples were
neat liquids and run on resolution scan mode.
Assignments of some of the prominent infrared absorp
tion bands of the mono- and dialkyl catechol ethers are
shown in Table 22 and 23. Both of the catechol ethers dis
play similar absorption bands in the
same region for the
C-H stretching (3100-2825 cm"1), C=C ring stretching
(1600-1420 cm"1), C-0 stretching (1320-990 ) and the
medium to strong absorption in the 800-650
which in
dicates the aromatic structure.
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The weak absorption band in the 3100-3050 cm"1in the
spectra of both the monoalkyl and dialkyl catechol ethers
indicates the aromatic C-H stretching. The strong absorp
tion in the 3600-3350 region which occurs only in a
monoalkyl catechol ether is the o-H stretching. The broad
band in this region hints that hydrogen bonding is occurr
ing with these compounds.
Table 22. Infrared Band Assignments of Monoalkyl Catechol Ethers.
R in ArOH(OR)-o
Frequency
(cm"
) /Wavelength CKm)
O-H stretch (m) C-H stretch(m,s) C=C stretch(m,s) C-o stretch(s)
-CH2CH2CH3
3600-3350
(2.78-2.99)
3100-2850
(3.22-3.51)
1610-1460
(6.21-6.85)
1280-1000
(7.81-10.00)
-CH2(CH2)2CH3
3600-3300
(2.78-3.03)
3100-2855
(3.22-3.50)
1605-1460'
(6.23-6.85)
1280-1020
(7.81-9.80)
-CH2 ( CH2 ) 3CH3
3600-3400
(2.78-2.94)
3100-2850
(3.22-3.51)
1610-1440
(6.21-6.95)
1280-1020
(7.81-9.80)
-CH2(CH2)4CH3
3600-3400
(2.78-2.94)
3100-2850
(3.22-3.51)
1620-1460
(6.17-6.85)
1260-1000
(7.81-10.00)
-CH2 ( CH2 ) gCH3
3600-3400
(2.78-2.94)
3100-2825
(3.22-3.54)
1620-1445
(6.17-6.92)
1280-1050
(7.81-9.52)
-CH(CH3)2
3600-3350
(2.78-2.99)
3100-2900
(3.22-3.45)
1610-1450
(6.21-6.90)
1280-1010
(7.81-9.90)
-CH2CH(CM3)2
3600-3450
(2.78-2.90)
3100-2850
(3.22-3.51)
1610-1440
(6.21-6.95)
1280-1000
(7.81-10.00)
-CH2CH2CH(CH3)2
3600-3400
(2.78-2.94)
3100-2850
(3.22-3.51)
1620-1450
(6.17-6.90)
1280-1000
(7.81-10.00)
m = medium : s = strong
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Table 23. Infrared Band Assignments of Dialkyl Catechol Ethers.
R in ArOK(OR)-o Frequency ( ) /Wavelength (Am)
C-H stretch(s) C.C stretch (m,s) C-O stretch(s)
-CH2CH2CH3
3100-2850
(3.22-3.51)
1610-1430
(6.21-7.00)
1320-990
(7.57-10.10)
-CH2(CH2)2CH3
3100-2850
(3.22-3.51)
1600-1430
(6.25-7.00)
1300-1040
(7.69-9.62)
-CH2(CH2)3CH3
3100-2850
(3.22-3.51)
1600-1420
(6.25-7.04)
1300-1020
(7.69-9.80)
-CH2(CH2)4CH3
3100-2850
(3.22-3.51)
1600-1430
(6.25-7.00)
1300-1040
(7.69-9.62)
-CH2(CH2)6CH3
3100-2850
(3.22-3.51)
1600-1440
(6.25-6.94)
1300-1020
(7.69-9.80)
-CH(CH3)3
3100-2900
(3.22-3.45)
1600-1420
(6.25-7.04)
1290-1030
(7.75-9.71)
-CH2CH(CH3)3
3100-2850
(3.22-3.51)
1600-1440
(6.25-6.94)
1290-1010
(7.79-9.90)
-CH2CH2CH(CH3)2
3100-2850
(3.22-3.51)
1600-1440
(6.25-6.94)
1280-1030
(7.81-9.71)
m = medium ; s = strong
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Figure 24. Mono n-Propyl Catechol Ether
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Figure 25. Mono n-Butyl Catechol Ether
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Figure 26. Mono n-Pentyl Catechol Ether
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Figure 27- Mono n-Hexyl Catechol Ether
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Figure 28. Mono n-Octyl Catechol Ether
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Figure 29. Mono i-Propyl Catechol Ether
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Figure 30. Mono i-Butyl Catechol Ether
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Figure 31. Mono i-Pentyl Catechol Ether
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Figure 32. Di n-Propyl Catechol Ether
Figure 33. Di n-Butyl Catechol Ether
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Figure 34. Di n-Pentyl Catechol Ether
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Figure 35. Di n-Hexyl Catechol Ether
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Figure 36. Di n-Octyl Catechol Ether
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Figure 37. Di i-Propyl Catechol Ether
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Figure 38. Di i-Butyl Catechol Ether
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Figure 39. Di i-Pentyl Catechol Ether
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4. Kinetic experiments
The kinetic runs were performed in an effort to find
out how rapidly the series of alkyl bromides used synthe
tically in part 1 react under the direct synthetic condi
tions. It was found that the solutions of catechol in
base (in 95% ethanol) turned dark immediately. This fact
prevented any direct titrimetric method being used to fol
low the rates at which bromide ion was evolved in the re
action mixture.
Accordingly it was decided to omit the catechol from
the solutions to be used kinetically. The kinetic proce
dure used therefore involved examination of the rates of
bromide ion evolution in solutions of alkyl bromides in
95% ethanol containing sodium hydroxide. The experimental
conditions, base to halide ratio, titrimetric technique
and methods of deriving the rate constants were all based
on a 1946 paper by Dostrovsky and Hughes (6).
The actual kinetic runs were performed in Pyrex test-
tubes (rigorously cleaned) which were drawn out into am
poules and sealed. The temperature used was 25 . Several
complications not addressed by Dostrovsky and Hughes were
encountered. First using alkoxide and/or hydroxide ion
solutions in ethanol in Pyrex ampoules can lead to the
base attacking the glass so that the base concentration
slowly drops. Using a low concentration of base (ca.
8x10 N) and having 5% water in the reaction medium slowed
down that process. Blank runs showed that in the kinetic
solutions (without alkyl bromides present) the base strength
decreased by 1.25% after 7 hours (at 25) and by 2.5% af
ter 12 hours. With the unbranched bromide runs, efforts
were accordingly made to gather sufficient data to deter
mined reasonable rate constants based on the first 12 hours
0f reaction. (Trial runs using larger ampoules than normal
68
and attempting to make point by point adjustment for small
base changes led to decreased precision.) With the slower
branched chain halides, this loss of base may indeed have
contributed to the higher errors involved in the* runs.
The second complication became obvious when it was
noticed that after a certain period in each run (and the
period depended on the alkyl bromide used) , small quanti
ties of white solid had precipitated out in each ampoules.
It proved to be sodium bromide. Again by using the earlier
part of each run for data gathering, where the precipitated
amounts were least, and vigorously shaking the ampoule be
fore each aliquot was withdrawn, this effect was at least
hopefully minimized. Again also the problem became greater
with the slower runs (here typically it required 32-36
hours for adequate data collecting) and undoubtedly con
tributed to the poorer precision obtained. Ihe individual
rate constants were calculated using the second order rate
equation:
k, = 1 ln(b/a) (a-x)z (a-b)t (b-x)
where a = initial concentration of sodium hydroxide,
b= initial concentration of alkyl bromide, x = decrease in
concentration after time t.
The Tables of kinetic runs are as follow. It is to be
understood that all runs were performed at 25(+lcC) and
that all k values are in liters. . Starting
[NaOH] = 7.68 x 10 M, and [RBr]Q = 5 x M except where
otherwise indicated.
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Table 24. Rate of reaction of n-Propyl Bromide with
sodium hydroxide in 95% ethanol at 25(+lC). [NaOHJ =
7.68 x 10~2M, [RBr] = 5 x 10~2M.
Time (hrs.) io"5k2
2 1.49
4 1.49
6 1.03
8 1.20
10 1.52
12 1.20
-5 -1 -1
Mean value of k2 = 1.32(+ 0.20) x 10 l.m .s
The full analytical data for this run are contained
in Table 25. Table 26-32 show rates of the reactions of
the rest of the alkyl bromides used in the synthetic ex
periments and Table 33 summarizes all the rate data ob
tained.
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Table 33. Second Order Rate Constants (l.m^.s-1)
obtained with alkyl bromides in 95% ethanol containing
sodium hydroxide at 25(+lC).
R
(in RBr)
io"5k2 .Precision, % Relative k2 k values (11 )
n-C3H7 1.32(+0.20) +15 7.3 1.1
n-C4Hg 1.03(+0.05) + 5 5.7 1.0
n-C5Hll 1.10 (+0.10) 9 6.1 1.4
n-C6H13 1.03(+0.17) +16 5.7 1.3
n"C8H17 1.02(+0.07) + 7 5.7 1.2
i-C3H7 0.18(+0.06) +33 1.0 0.02
i-C4Hg 0.19(+0.03) +16 1.1 0.02
i-csHll 0.3K+0.08) +26 1.7 -
The rate data obtained in the present study repre
sent several determinations for each number listed. .Despite
this, the errors in the system already discussed, particu
larly with the slower reacting branched bromides: prevented
the attainment of precisions greater than those indicated.
The data are, however, consistent with similar studies in
the literature. Thus studies of relative reactivities of
alkyl chlorides towards potassium iodide in acetone provided
the numbers cited in Table 33 under 'k* values and as can be
seen, despite the wide variation between those conditions
and the conditions used in the present work, the data cited
are reasonably close to that obtained in the present study.
Similarly, .Dostrovsky and Hughes (using sodium ethoxide in
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ethanol as base) found the n-propyl to i-propyl bromide re
activity ratio to be 0. 28:0.03( the factor of 9.3 involved
not being too dissimilar to that of 7.3 obtaind here).
If there are trends in the data, they are,
1) that n-propyl bromide is the most reactive of
the bromides studied, it being some 30% more than the other
unbranched bromides, the C4,C,-,C6 and Cfi compounds, all of
whom seem alike: and
2) that the branched bromides show substantially
less activity than the corresponding unbranched bromides.
Thusrn ratios(i.e. normal ) for C* = 7.3:0. = 5.4 and Cc
I iso 3 4 5
= 3.6.
This drop in activity diminishes steadily as the
branching position changes from *- to f- to J-. again in
dicating the effects of steric hindrance.
This drop in activity with branching demonstrates
that the lower synthetic yields obtained with these branched
bromides (described in part 1 ) can not be due to greater
reactivity of the parent bromides with the bases
(0H~
or
C.HxO") or the solvents (H20 or C2H50H) used, reaction out
lined in Figure 5 (part 1), and that other factors (probably
steric) must be involved.
These rate data were intended to provide practical
guidance as to relative reactivities under the synthetic
condition employed earlier. The nature of the reactions in
the kinetic runs i.e. substitution and/or elimination are
deemed irrelevant to present purposes.
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EXPERIMENTAL
1. Synthesis of mono- and di-alkvl catechol ethers.
Chemical used: (all were used as obtained without further
purification). They were as follows:
1) Pyrocatechol (from the Eastman Kodak Co.)
2) n-Propyl, isopropyl, n-butyl, isobutyl, n-pentyl,
isopentyl, n-hexyl and n-octyl bromides (from the Eastman
Kodak Co . )
3) Sodium Hydroxide (A.R. grade, J.T. Baker Chemical
Co.)
4) Silica gel for dry column chromatography (Silica
Woelnr TSC, Woelm Pharma GmbH & Co.)
5) 95% Ethanol (190 proof, alcohol USP)
6) Methylene Chloride (A.R. grade, J.T. Baker Chemical
Co.)
7) Diethyl Ether (laboratory grade, Fisher Scientific
Co.)
8) Hexane (Certified A.C.S., Fisher Scientific Co.)
9) Chloroform (Certified A.C.S., Fisher Scientific Co.)
General Procedure:
To a stirred solution of catechol (55.06 g. , 0.5 mol)
in 95% ethanol (250 ml) was added a solution of sodium
hydroxide (20 g. , 0.5 mol) in the same solvent (200 ml).
The resulting mixture which became dark immediately was
refluxed for 1 hour. After the reaction mixture was cooled
to room temperature, alkyl bromide (1 mol) in 95% ethanol
(100 ml) was slowly added. The mixture was stirred and
refluxed for 7 hours. It was evaporated (rotavap) and gave
a mixture of dark brown oil and dark brown solid. To this
mixture was added 250 ml of distilled water. Some solid
remained undissolved (it was not filtered off). Instead
the mixture was acidified with 20% hydrochloric acid and
81
extracted 4 times with 100 ml portions of methylene chlo
ride. The methylene chloride extracts were combined and
dried over anhydrous magnesium sulfate. After the magnesium
sulfate was filtered off, the filtrate was concentrated
(rotavap) to a dark brown oil (mixture A) consisting of
mono- and di-alkyl catechol ethers.
Mixture A was dissolved in diethyl ether (150 ml),
extracted 4 times with 50 ml portions of 20% aqueous sodium
hydroxide to separate the mono-alkyl catechol ether from
the di-alkyl catechol ether. The aqueous basic extracts
were combined, dried over anhydrous magnesium sulfate and
concentrated to a dark brown oil (mixture B) consisting
mainly of di-alkyl catechol ether.
The acidic aqueous extracts were then extracted 4
times with 100 ml portions of diethyl ether. These ethereal
extracts were combined, dried over anhydrous magnesium
sulfate and concentrated to dark brown oil (mixture C)
consisting of both mono- and di-alkyl catechol ethers (in
various proportions from different experiments).
Mixture C was passed through a 2" chromatographic
column packed with silica gel using 60% chloroform and 40%
hexane (v/v) as eluting solvent. Hie elution continued
until the last aliquot was colorless. Ml the eluates were
combined and concentrated to give an orange-yellow oil
which was fractionated under vacuum to give mono- and di
alkyl catechol ethers.
Mixture B was treated similarly to mixture C. Purifi
cation by vacuum distillation of the yellow oil obtained
from concentrated eluates yielded mainly the di-alkyl
catechol ether with only a small amount of the mono-alkyl
catechol ether.
The products and mixture of products were analyzed
for purity by gas chromatography. The nature of the pure
compounds were confirmed by XH NMR, IR spectroscopies and
by elemental analysis.
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2. Kinetic experiments
Standard and standardization (2)
A standard solution of 8.35x10 N sodium hydroxide
in 95% ethanol was prepared by dissolving 3.20 g. (0.08
mol) of sodium hydroxide in 1000 ml of redistilled 95%
ethanol. The solution obtained was standardized against
known 1x10 N HC1 using methyl orange as indicator.
A standard solution of 1x10 N HC1 was prepared by
diluting 100 ml of a standard solution of 1.00 N HC1
(standardized with a standard solution of NaOH prepared
from standard ampoule of sodium hydroxide) with distilled
water in a 100 ml volumetric flask.
_2
A standard solution of 1x10 N AgNO, was prepared
-1
by diluting 100 ml of 1x10 N stock solution of AgNO-
in a 1000 ml volumetric flask with distilled water.
A standard solution of
lxl0~
N AgNO- was prepared
1
by dissolving 8.494 g. (0.5 mol) of laboratory grade AgNO-
in distilled water and making up the solution to 500 ml in
a volumetric flask. The N AgNO- solution was then
-1 2
standardized with standard 1x10 N NaCl using a mixture
of KjCrO. and K2Cr20_ as indicator.
A standard solution of N NH.SCN was prepared
*
_i
by diluting 100 ml of a standard solution of 1.117x10 N
NH..SCN with distilled water in 1000 ml volumetric flask.
4
The solution obtained was standardized with the standard
solution of
lxlO-1
N AgNO, using Iron (III) indicator
3
J
solution as indicator.
^previously dried at 120 in an electric oven for 2 hrs.
and allowed to cool to room temperature in a desiccator.
2prepared by dissolving 2.922 g. of pure dry A.R. salt
in distilled water and making up the volume to 500 ml in
a volumetric flask.
3
A saturated solution of ammonium iron (III) sulfate in
distilled water (2).
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A standard solution of 1.117X10"1 N NH4SCN was pre
pared by dissolving approximately 8.5 g. of A.R. grade
NH.SCN (which is a deliquescent solid) in distilled water,
the volume being made up to 1000 ml in a volumetric flask.
The solution obtained was then standardized with the
standard N AgN03 solution using Iron (III) indica
tor solution as indicator.
The iron (III) indicator solution consists of a cold,
saturated solution of A.R. ammonium iron (III) sulfate in
distilled water (about 40%) to which a few drops of 6M HN03
has been added.
Ml e.xperiments were done at 25(+l)C in a .HAKKE .Model
FK control temperature bath.
Kinetic procedure
Hie second rate order constants derived in the follow
ing experiments were based on the method of Dostrovsky and
Hughes (6). Ml the alkyl bromides used in the synthetic
experiments were used here and were used as obtained from
the Eastman Kodak Company.
Kinetic measurements
-2 1
A solution of 5x10 M of alkyl bromide in a stock
-2 2
solution of 8.3x10 N sodium hydroxide in 95% ethanol
was made up in a 100 ml volumetric flask at room tempera
ture. Portions of 6 ml were drawn using a 10 ml measuring
pipet. These were let run slowly into the reaction tubes
(preampoule) which were then sealed and immersed in a
*A predetermined amount of alkyl bromide was weighted
out and dissolved in a solution of sodium hydroxide in
95% ethanol.
2The solvent used was redistilled 95% ethanol (190
proof, alcohol USP) .
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constant temperature bath (at 25(+l)C). These reaction
tubes were withdrawn at selected time intervals and the
tips were broken. A 5 ml automatic pipet was used to with
draw a sample. This 5 ml of solution was drained slowly
into a 125 ml separatory funnel containing 10 ml of dis
tilled water and 30 ml of diethyl ether. .After the extrac
tion, the aqueous layer was transferred to a 250 ml Erlen-
meyer flask and acidified with 1x10 N HN0-. .An excess
-2
amount of standard 1x10 N AgNO- was added to the flask
and the flask was throughly shaken to coagulate the silver
bromide. A small quantity of Iron (III) indicator solution
was then added to the flask and the excess silver nitrate
was back titrated with standard
8.3xl0~3
N NH4SCN (using
Volhard's method) until a permanent faint reddish-brown
coloration appeared.
Hie concentration of bromide ions in the aliquot
solution was then calculated.
Reaction tubes were 20 ml .Pyrex testtubes which were
previous soaked in a sulfuric acid-dichromate mixture
(chromerge ), cleaned in tap water, soaked in distilled
water overnight, dried in an air oven at 50 C and then
kept in a desiccator. These tubes were softened at 1%
inches from the tips in a flame to make them into a
pream-
poule shape.
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Additional Comments
As mentioned in the discussion, two complications oc
curred during the kinetic runs. The first of these was base
loss due to its attacking the Pyrex glass of the ampoules.
This was briefly examined in a blank run as follows. Ali-
quots of ca. 6 ml of 8x10 N sodium hydroxide in 95% etha
nol were sealed in Pyrex ampoules identical (and identical
ly pretreated) with the Pyrex ampoules used in all the al
kyl bromides kinetic runs. The ampoules were then immersed
in the constant temperature bath for known times. The ex
periment was carried on with the same procedure as was used
when alkyl bromide was present, except that the 5 ml ali
quots drawn from the ampoules were tranferred directly to
250 ml Erlenmeyer flasks containing 10 ml of distilled wa
ter instead of being ether extracted. The concentration of
sodium hydroxide was determined by titration with a stan
dard solution of N HC1 using methyl orange as indica
tor. It was found that the concentration of sodium hydrox
ide decreased by 1.25% after lh hours and 2.50% after 12
hours .
The second complication arose as follows.
During the kinetic runs, a white precipitate formed
in many of the ampoules during the time that they were im
mersed in the constant temperature bath. The quantity of
the white precipitate increased with increasing time. The
white precipitate in one of the reaction tubes was filtered
off and washed with acetone until the acetone wash was free
of bromide ion. The white precipitate was then dissolved in
distilled water, acidified with lxlO^N HN03 and a few drops
of 1x10 -1N AgNO- were added. A yellow precipitate formed
confirming that the
original white solid was indeed sodium
bromide .
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SECTION II. ELECTROPHILIC PHENOLIC SUBSTITUTION
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INTRODUCTION
UV blockers are sunstances that absorb light in the
spectral region 300-400 nm and which are frequently incor
porated into polymer matrices to protect the matrix from
being damaged by the UV light. Two methods of incorpora
ting these materials are frequently used. In one of these
the blocking agent is dispersed as a molecular species
within the polymer framework. This method has the disad
vantage that during operating conditions the blocker might
be leached out and cause toxicity. The second method which
is more effective (but requires synthetic efforts) is to
prepare a UV blocker with a group capable of being poly
merized incorporated in its structure. The material ob
tained is then copolymerized into the polymer matrix and
is stable therein as are any of the other monomers used
in that particular polymer. This second approach was used
in this present work.
Hie parent molecule selected for modification was
2-( 2'-hydroxy-5'-methylphenyl) benzotriazole (I) which is
a well-known blocking agent. Its commercial name is
Tinuvin P and it is produced by Ciba-Geigy- The reaction
selected in the present work for achieving such a substi
tution was amidomethylation. The overall desired chemistry
is outlined in Figure 40.
.Amidomethylation has been comprehensive reviewed (23).
In that review the ^ -amidomethylation of aromatic carbon
atoms using N-methylolamides is recorded as dating back
to 1902 (and is named by Zaugg and .Martin the Tscherniac
Einhorn reaction) . These latter authors used sharply dif
ferent reactions conditions in their studies. Tscherniac
used the N-methylolamides in concentrated sulfuric acid
*For a general discussion of such triazoles see (4).
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^J
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Figure 40
solution as electrophiles , Einhorn preferring using the
N-methylolamide in ethanol containing 1% HC1 as the reac
tion medium.
The mechanism of the overall process clearly varies
with reaction conditions. Using N-methylolamides as rea
gents in concentrated sulfuric acid, a carbonium ion
(amido-stabilized) is most likely involved (Figure 41).
When phenol was treated with N-methylolphthalimide in
concentrated sulfuric acid a mixture 2-substituted,
4-substituted and 2, 4-disubstituted products was obtained.
With p-cresol the only product reported involved ortho
(2-) substitution (24). There was no mention in the Zaugg
and Martin review of studies using N-hydrojcymethyl
acrylamide (II) as reagent.
Some relevant studies on that point have been reported
recently. Using N-hydroxymethyl acrylamide and resorcinol
(21) in acetic acid solution, Russian authors reported the
formation of a mixture of 4-substituted and 4,6-disubsti-
tuted products (Figure 42). The product mixture depended
on the initial mole ratios used. Interestingly, when
resorcinol, formaldehyde and acrylamide were used in
aqueous solution, no amidomethylation were detected,
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9 o
(a) R-C-NH-CH20H +
H+
-^=* R-C-NH-CH^
9 + 9.1. o
(b) R-C-NH-CH2OH2 ? R-C-NH-CH2 > R-C-fe=CH2
9 + Q
(c) R-C-NH-CH2 + ArH > ArCH2-NH-C-R
Figure 41
OH
OH
+ HOCH2NHC-CH=CH2 -JE^fT^ + j^Y^NHC-^CHj
OH O OH
OCH,NHC-
4
1*2 "="2
NH NH
C=0 C=0
I I
CH CH
I |
CH2 CH2
Figure 42
instead the formaldehyde hydroxymethylated the resorcinol.
Using 2,4-disubstituted hydroxy benzophenone as substrate
and N-hydroxymethyl acrylamide as reagent in concentrated
sulfuric acid (at room temperature or below), both 3-, and
3, 5-disubstituted products were obtained depending upon
reaction stoichiometry (15).
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DISCUSSION AND RESULTS
The first step involved the synthesis of N-hydroxy
methyl acrylamide (II) . This may be prepared by the
reaction of acrylamide and formaldehyde (Figure 43). While
the reaction of formaldehyde with a wide variety of amides
is apparently straightforward (23), this is not so with
a. , p -unsaturated amides like acrylamide where polymeriza
tion and other kinds of reactions can occur (8). A litera
ture search turned up other studies which were either not
available readily (14) or were not explicit enough synthe
tically to be helpful (7, 19). Accordingly, a slightly
modified version of Feuer and Lynch (8) technique was used,
using powdered sodium ethoxide instead of xylene as catalyst,
Thus a mixture of acrylamide and paraformaldehyde (1:1) was
suspended in dry 1 , 2-dichloroethane and maintained at 50 .
To this was added 2% of the corresponding quantity of pow
dered sodium ethoxide. The yellow mixture was heated for
1 hour, filtered and cooled in an ice-salt bath. The red
oil which floated on the yellow solution gummed out.
Trituration of the viscous semi-solid obtained repeatedly
with ethyl acetate eventually gave small quantities of the
desired N-hydroxymethyl acrylamide.
The reaction depicted in Figure 40 was then carried
out using the Tscherniac conditions, Thus the
2-(2'-
hydroxy-5' -methyl phenyl) benzotriazole (I) was dissolved
in concentrated sulfuric acid at room temperature. The
Q
golden yellow solution obtained was cooled to 5-10 (in an
ice-water bath) and to it was added "N-hydroxymethyl
acrylamide (II) in portions (the ratio of I and II used
was 1:1 molar). The reaction mixture was stirred until all
1In the older literature, such compounds are called
N-methylol compound. (or even methylol compounds). The
N-hydroxymethyl designation is now the one used in Chemical
Abstracts.
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Kaep
CH2=CHCONH2 + CH20 ) CH^HCONHCH OH (II)
Figure 43
the substituted acrylamide had dissolved (it tended to
float on the viscous cold sulfuric acid) and the mixture
was then allowed to stand for 2 hours. The white solid
which precipitated was filtered, washed with distilled
water until the washings were neutral and finally (to help
with drying, otherwise it tended to be sticky) with mini
mum amounts of cold ethanol. The crude product, m.p. 202-
210
was obtained in 73% yield. Recrystallization of the
product from DMF gave a white solid (with pale yellow
tints) of m.p. 204-206. Its H .NMR, IR and UV spectra are
*
shown as Figure 44, 46 and 47 respectively. For compari
son, the H NMR spectrum of the parent triazole is shown
as Figure 45.
The *H NMR of the product was consistent with the
proposed structure (III) with absorptions as follow :
cf 2.37 (s, -CH3), 4.63 (m, -CH2-NH) , S 5.67 (m, -CH=)
and <J 6.37 (m, =CH2) . Absorptions at & 7.13-8.27 are those
from the protons in the parent triazole. There is also an
anomalous absorption at S 3.6 which suggests the presence
of water. The UV spectrum of the compound III (in methanol,
Figure 47) shows maxima at 300 ( = 15,300) and 336 (
=
16,700) with a minimum at 315 (6= 13,300) nm. The IR
spectrum was also confirmatory of the structure of com
pound III with the strong absorption due to the N-H
stretching in the 3350-3100
(2.98-3.22 Mm) , the C=0
stretching (amide I band) in the
1630-1660 (6.13-6.02
Mm) and the N-H bending (amide II band) at 1560 cm
1The author is indebted to Dr. D.J. Choo of Bausch &
Lomb Research Lab for these determinations.
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(6.4lXtm). The medium absorption bands in the 995-920 cm
(10.05-10.87 Aim) region due to the terminal vinyl group.
Strong absorption bands in the 900-660 (11.11-15.0 ^m)
indicate the aromatic structure.
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Figure 47
Not infrequently the end product of an amidoalkyla-
tion procedure is the corresponding amine. The overall
process then representing one of the aminomethylation -
and this involves treatment of the aminomethylated product
with strong acid or base. Compound III was refluxed in
concentrated HC1 suspension in an effort to achieve just
that (Figure 48). In the first effort, one hour refluxing,
compound III was recovered in 80% yield. After 4 hours
refluxing, on filtering the acid solution, a fine white
precipitate, m.p.
263-266
crystallized out. The material
removed by filtration was recrystallized from ethanol
(with a trace of ether) as a slightly yellow solid, m.p.
258-263 . Microanalysis was consistent with structure IV.
The H NMR and IR spectra of the obtained amine salt
1
are appended as Figure 49 and 50. The H NMR spectrum shows
absorptions of the protons in the parent triazole at the
same S as those shown in the spectrum of compound III
(Figure 44) and the parent triazole (Figure 45). The
methylene protons occur as a singlet at cj 4.12 and the
methyl protons at 6 2.38 (s). The signal at cf 2.50 is
due to the solvent used (DMSO-d,) . Again, there is a broad
peak centered at 6 3.50 which also suggests water reten
tion of the compound.
The IR spectrum of the product amine salt also con
firmed the nature of the compound. The spectrum shows the
N-H stretching as a strong, broad absorption band at
3350-
1955
cm"1(2.98-5.11 Mm) region, extended by combination
band at 2000 (5.00 Mm) . The N-H bending vibrations
occur at 1600 cm (6.35 -Km) and 1500 cm (6.67 Um) .
The strong, broad absorption band at 3425 cm (2.86 Mm)
suggests O-H stretching with hydrogen bonding. Aromatic
structure is indicated by strong absorption bands in the
910-660 cm"1(10.99-15.0 M m) .
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CH,NHCCH=CH cone.
2 HC1 '
Figure 48
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The absorption at cj 3.6 in the H NMR spectrum of
the compound III suggests hydration of the material and
indeed III (and IV) analyzed as hemihydrates. Efforts were
made to dehydrate III, by drying, for example, in an
Abderhalden drying pistol at 0.2 mm and
153
over P25*
The substance did slowly lose weight (0.77% in 7 days) but
the data were not absolutely confirmatory because it was
noticed that compound III sublimed under these conditions.
As background (and to see if the anomalous water
retention occurred without the triazole ring being present) ,
the reaction outlined in Figure 51 using p-cresol itself
as substrate was briefly examined. In the first attempt
(using the Tscherniac technique again) the p-cresol crys
tallized out when the concentrated sulfuric acid solution
containing it was cooled. The whole mixture solidified to
a white mass. Adding more sulfuric acid did not help.
Warming up the mixture yielded a pale yellow-orange solu
tion. To this was added N-hydroxymethyl acrylamide (II) in
portions. The reaction mixture turned into a viscous dark
green liquid which on work-up yielded small quantities of
a dark-green solid which did not melt below
360
. A
second run used much more dilute solution. A quantity of
p-cresol was added to concentrated sulfuric acid at room
temperature. To the colorless reaction mixture N-hydroxy
methyl acrylamide was added in portions (still keeping the
mixture at room temperature) . The yellow solution obtained
turned dark brown on standing for 2 hours. It was poured
onto ice and on filtering gave a green-colored solid (X,
again not melting below
360
) . Its H NMR and IR spectra
are appended as Figure 52 and 53.
Yet a third run was made. In this the p-cresol was
added to ice-cold sulfuric acid. Then the reaction mixture
was kept at
5-10 throughout the addition of the N-hydroxy-
methyi acrylamide. After standing at room temperature for
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9H OH
CH2NHC-CH=CH2
H0CH2NHC-CH=CH2 ggg ) [ | 0
Figure 51
2 hours, the solution was poured onto ice and yielded a
white solid. This crystallized from aqueous ethanol and
yielded 2 materials, one (from solvent, namely A, m.p.
260
) and the other (insoluble in the solvent, namely B,
m.p.
220
) . Their H NMR and IR spectra are shown as
Figure 54-57- Under these conditions using either o-cresol
or m-cresol gave white gums, Clearly the cresol data are
not helpful with respect to compound III chemistry and
remained for further study in their own right.
^oth of these materials sintered i.e. slowly decomposed
when melting point determinations were made in the normal
manner i.e. taking the temperature up from room temperature.
When fresh samples were inserted into the melting point
apparatus at various temperatures, 200,
220
etc., these
"melting
points" were observed.
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The H NMR spectrum of compound X indicates that there
is not an aromatic ring in the structure. This is consis
tent with its IR spectrum in which no strong absorption
band occurred in the 910-650 (11.1-15.4 m) r Although
the IR spectrum of X shows N-H stretching at 3300 cm ,
C=0 stretching (amide I band) in the 1600-1680 region,
N-H bending (amide II band) at 1540 cm and the medium
absorption bands in the 995-920 region which suggests
the presence of vinyl group. The nature of compound X can
not be concluded due to lack of supportive information
from the H NMR spectrum.
The spectra of compound A and B suggest that they are
essentially the same compound. Both A and B show absorp
tions in the IR spectra due to N-H stretching at 3300 cm ,
-1
C=0 stretching in the 1680-1580 cm region and the N-H
bending band at 1545 . Their NMR spectra are also the
same as compare to each other with absorptions as follow;
6 7.1-6.8 (m,ArH)-, 0 6.8-5.4 (vinyl protons ), ci 4. 5-4. 2
(m,methylene protons) and tS 2. 2(s,methyl protons). It was
noticed that there still is an absorption at 0 3.5 due to
the presence of water in the spectra of both A and B (and
also X) .
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EXPERIMENTAL
Chemicals used: Paraformaldehyde was used (freSh) as ob
tained from Fisher Scientific Company. It melted at 163-
165 with decomposition. Older samples showed lower melt
ing points. Sulfuric acid was A.C.S. grade (96.6% H2S04,
sp. gr. 1.844). Acrylamide was used as obtained from the
Eastman Kodak Company with melting point
77-82
. The
2-(2'-hydro3cy-5'-methylphenyl) benzotriazole was used as
obtained from Pfaltz and Bauer, Inc. (Stamford, Conn.),
its melting point as obtained was 124-128. After recrys-
tallization from ethanol, it melted at 125-130. A sample
obtained from Ciba-Geigy, Dyes tuffs and Chemicals Division,
as Tinuvin P fine grind had a melting point
128-132
.
Para-cresol was obtained as reagent grade quality from
Fisher Scientific Company. The 1 , 2-dichloroethane was
A.C.S. grade from the Eastman Kodak Company. Powdered
sodium ethoxide was used as obtained from Aldrich Chemical
Company, Inc.. N,N-Dimethylformarnide (b.p. 153) was spec-
tropho tometrie grade from Aldrich Chemical Company, Inc..
Synthesis of N-(hydroxvmethyl) acrylamide (II)
To 150 ml of dry 1 , 2-dichloroethane contained in a
3-necked flask fitted with stirrer, thermometer, condenser
and a calcium chloride drying tube was added 35,5 g. (0.5
mol) of acrylamide and 15.0 g. (0.5 mol) of paraformalde
hyde. The reaction vessel was immersed in a water bath
maintained at 50
(+2)
. To the mixture was added 680 mg.
(0.01 mol) of powdered sodium ethoxide. The reaction mix
ture which went a beige yellow in color was heated for 1
hour. It was filtered through a coarse sintered glass fun
nel (though no appreciable solid was apparent) and then
cooled in an ice-salt bath. The reddish oil floating on
the yellow solution solidified under these conditions or
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at least formed a viscous yellow semi-solid (A). Tritura
tion of samples of this material with ethyl acetate led to
a white solid, m.p. 43-53. Further purification with
ethyl acetate led to a material of m.p. 59-67 (lit.
74-75
(8)). Treatment of the gum (A) with warm ethyl acetate
followed by cooling to (in dry-ice acetone) and then
adding hexane yielded a white gummy solid. [The material
(A) did not yield workable materials on treatments with
water, alcohol -water mixtures or methylene chloride-pentane
mixtures. The white solid ultimately obtained was used as
is in the amidomethylation runs Subsequently this material
was purchased from Pfaltz and Bauer, Inc.. It had a m.p.
of
68-72
and did not depress the m.p. of the samples
prepared in this study.
Synthesis of 2-( 2' -hvdroxy-3'-acrvlamidomethyl-5' -methyl -
phenyl) benzotriazole (III)
_2
Run I (1x10 molar scale)
2.25g. (0.01 mol) of sustituted triazole (I) was dis
solved at room temperature in 75 ml of concentrated sulfu
ric acid and the yellow solution obtained was cooled (ice-
water bath) to
5-10
. At this temperature, 1.01 g. (0.01
mol) of compound II was added in portions. On completion
of the addition, the whole mixture was stirred for 2 hours
at
20
and the reaction mixture was poured while stirring
onto ice. The white precipitate (B) proved to be sticky
even after drying in a vacuum for 2 days. Efforts to ob
tained a better product involved subjecting samples of B
to a cold water wash, a cold alcohol wash, boiling alcohol
trituration and actual recrystallization of a sample from
ethanol. The following described the properties of the
various samples thus obtained; a) product from cold water
wash - sticky and yellow : b) product fron cold alcohol
wash - dry and yellow, m.p.
201-202
; c) boiling
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alcohol trituration gave a dry and cement colored product,
m.p.
202-203
, and after recrystallization from ethanol,
dry and yellow-tinted solid, m.p.
202-203
, was obtained.
Addition of cold water to the ethanolic recrystallization
filtrate gave a yellow tinted product, m.p.
195-199
. The
total was 2.00 g. (65%).
Run II (1x10 molar scale)
22.5 g. (0.1 mol) of 2-( 2' -hydroxy-51-methylphenyl)
benzotriazole (I) was dissolved in 300 ml of concentrated
sulfuric acid in a 1000 ml beaker at room temperature. The
golden yellow solution obtained was cooled to
5-10
in an
ice-water bath (with mechanical stirring) . At this tempera
ture, 10.1 g. (0.1 mol) of N-hydroxymethyl acrylamide (II)
was added in portions. The reaction mixture was stirred
(both mechanically and manually) until all the N-hydroxy
methyl acrylamide dissolved (it tended to float on the
sulfuric acid solution) . The ice-water bath was taken away
and the reaction mixture was left at room temperature for
2 hours then poured onto ice. The white solid obtained was
filtered off, washed with distilled water until the wash
ings were neutral and finally washed with the minimum
amounts of absolute ethanol a few times. The crude product
obtained was dried and yielded 25.35 g. (73% yield) of
white solid (m.p. 202-214).
Recrystallization of the crude product from DMF (N,N-
dimethylformamide) yielded a whitish-yellow solid of m.p.
204-206
.
Anal. Calcd. for C^H^N^^O : C, 64.35 ; H, 5.38 ;
N, 17.60. Found : C, 64.31 ; H, 5.78 : N. 16.80.
This material has been reported in the patent litera
ture (12) without any description of the product. It was
prepared there also using the Tscherniac technique.
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Hydrolysis of 2-( 2' -hvdroxv-3' -acrvlamidomethvl-5'
-methyl -
phenyl) benzotriazole (III)
Run I
To 50 ml of concentrated hydrochloric acid (37.6%,
sp. gr. 1.19) was added 1 g. of the acrylamido material
(III) in a 100 ml 3-necked flask fitted with a thermometer,
a condenser and a stirring bar. A pale yellow solution
with white solid floating around was obtained. The reaction
mixture was heated up to
92-100*
with the stirrer on. After
30 minutes, a mass of white solid occurred and the flask
was swirled to get all the white solid down. An additional
5 ml of concentrated hydrochloric acid was added down the
condenser to flush the white solid down. Stirring and heat
ing were then continued and the same thing happened again.
After 1 hour, 30 ml of concentrated hydrochloric acid was
added (after the heating and stirring were discontinued)
and the refluxing were restarted. The reaction mixture
again bumped up, so the reaction was stopped and let cool
to room temperature. Total heating time was 1 hour and 15
minutes .
The white solid was filtered off, washed with anhy
drous ether and dried. This yielded 730 mg. of white solid
(m.p.
209-212
) . The colorless filtrate was refrigerated
for 2 days and yielded no solid.
The white solid obtained from this run did not depress
the melting point of the starting acrylamido material.
A control run using the 2-( 2'-hydroxy-5,-methylphenyl)
benzotriazole (I) itself was performed. Thus 1 g. of (I)
was added to 50 ml of concentrated hydrochloric acid. Some
went into the solution (which turned yellow) and the re
mainder floated on the surface. The reaction mixture was
refluxed for 2% hours, which it did without bumping. On
cooling 743 mg. of white solid, m.p.
127-131
was obtained
as insoluble material. (The product also did not depress
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the melting point of the starting hydroxytriazole mate
rial.) Nothing precipitated out of the refrigerated fil
trate.
Run II
To a 250 ml of 3-necked flask fitted with condenser.
thermometer and stirrer was added 1 g. of compound III and
150 ml of concentrated hydrochloric acid. Most of the
compound III remained undissolved. The solution developed
a yellow color which fade to pale yellow upon heating. The
reaction mixture was then refluxed for 4 hours at
100
. A
pale yellow solution with some white solid was obtained.
The reaction mixture was then filtered while it was warm.
A white solid with a tint of yellow (A) remained on the
filter paper. It was washed with acetone and dried. Another
white solid (3) precipitated when the original filtrate was
cooled. This was filtered off, washed with acetone and
dried. The filtrate was refrigerated but no more precipi
tate occurred. The total yield of the product was 800 mg.
(92%, 730 mg. of A (m.p. 252-264) combined with 70 mg. of
B (m.p.
263-266
) ) -
Recrystallization of compound A from boiling absolute
ethanol did not give a recrystallized product. Diethyl
ether was then added to the mother liquor and a yellow
solid (C) of m.p.
258-263
was recovered.
Anal. Calcd. for C^H^N^lO.J^O : C, 56.0 : H, 5.3 ;
CI, 11.8 ; N, 18.6 . Found : (compound B) : C, 56.03 ;
H, 4.96 t CI, 11.60 : N, 17.58 . Found : (compound C) :
C, 55.64 : H, 4.73, CI, 13.03 : N, 18.55 .
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Cresol Runs ;
Run I
A sample of p-cresol (21.62 g. , 0.5 mol) wars warmed
in its container until it had melted. It was then added to
50 ml of concentrated sulfuric acid (at 5-10) in a 250 ml
beaker equipped for mechanical stirring. After the reaction
mixture had been stirred for a while at 5-10, the p-cresol
crystallized and the whole mixture solidified to a crystal
line mass. Leaving the white solid at room temperature and
adding more of concentrated sulfuric acid did not solubi-
lize the material. The white mass was then warmed up and
a pale yellow-orange solution was obtained (the temperature
was approximately
70
) . To this solution was added
N-hydroxymethyl acrylamide (20.2 g. , 0.5 mol) in portions.
The reaction mixture turned into a viscous dark green
liquid. The dark liquid was left at room temperature for
2 hours and poured onto ice. A dark green oil formed and
it was scraped with a stirring rod to give a green solid
which proved to be a very fine precipitate. Filtering and
centrifugation gave only a little green solid which turned
dark upon drying. Most of the green solid still remained
dispersed and could not be aggregated. The green material
did not melt when its melting point was taken in a normal
manner.
Run II
The experiment was repeated by dissolving 2 g. of
p-cresol in 50 ml of concentrated sulfuric acid at room
temperature. The reaction mixture thus obtained was color
less. Then, 2g. of N-hydroJtymethyl acrylamide was added at
room temperature and the yellow solution obtained was left
for 2 hours. The color turned brownish-green after this
period. This brownish-green solution was poured onto ice
and the yellow precipitate formed was filtered off. Its
116
color turned into green upon filtering. The green solid
obtained was dried in a desiccator and gave 501 mg. of the
product (X) which also did not melt.
Run III
This experiment was again repeated by cooling down 50
ml of concentrated sulfuric acid to
5-10
in an ice water
bath before 3 g. of p-cresol was added. The reaction mix
ture was then kept at 5-10 throughout the addition of the
3 g. of N-hydroxymethyl acrylamide. After the reaction
mixture was left at room temperature for 2 hours, it was
poured onto ice. A white solid deposited and was collected,
washed with small amounts of distilled water and dried in
a desiccator. Recrystallization of the white solid from a
boiling mixture of absolute ethanol and water gave two
materials, one which crystallized out from the solvent (A),
the other (B) insoluble in the solvent. Neither melted
when inserted in the melting point apparatus as normally
done but they did melt if inserted into the block at ele
vated temperature. A melted at ca.
260
and B at ca.
220
.
Using o- or m-cresol in runs equivalent to Run III
did not yield any workable solids. Gums were formed and
the experiments were terminated there.
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